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Bes. neg SMTELLITE RECORNAKEANCE qyT- T2ex€ASED 
F : . oe | “The National Réconbaiseunce Program consists of Photographic ; 

= oe a and Weather intelligence collection systems. This program 

: ~ has been operational for over a wae and is presently furnishing 

4 | ; -considerable quantities of data on Communist Bloc nations to the 

. ' Intelligence oe: It has been invaluable in obtaining intelli- 

¥ gence on Soviet weapon and radar sites, targets, and order of battle 


ZA 
that has been unavailable from other sources. [Because of its broad 


oo#p 


- national scope and application, importance, and sensitivity, and 
7 because of a need for maximum efficiency, its management has been 
- centralized into the National Reconnaissance Cffice (NRC), 
To the maximum extent possible the operational, developmental 
and research aspects of the National Reconnaissance Program have 
been carried on cocuren Developmental flights have been 
planned to obtain as much usable intelligence as possible and 
operational missions have been used to carry R&D experiments and 
tests, The capabilities of the systems. have been constantly improved 
based on experience from previous flights and advances in #se~ 
| technology. An aggressive prograin of R&D for major improvement 
| in collection ee is ee along with the important but less . 
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ny - “y Z impressive engineering modifications. Studies are constantly under- 


Be ot " ! way. to define what new capabilities can and what should be started 


eae . 7 in the future to assure that we realize the maximum usable intelligence 
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: trom this vital source. 
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; the Pee National Reconnaissance a does not, and 
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. its systems under development will not completely satisfy all of the 


valid requirements of the Intelligence Community. There ere many 
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We are also vulnerable to 


S117/7. 


Political action. Our systems are certainly not as efficient as they 





| _ could be and, as our collection capability increases, we must decrease | 
| the — per unit area of couereee: Some of these deficiencies are 
- inherent in the technology that we must deal with, but many improve- 
ments are within the capability of the present state of the art and many 
other improvements can be realized from well directed aggressive 
research followed by development. ‘As in all weapon system programs 
we must have a proper palanse between operations, development and 
a research. We must start development now of the systems of the near 








future and we must conduct initial research that will permit develop-. 
ments for the more distant future, To do this intelligently and 


ae efficiently, we must define the deficiencies of the present program 


and pin point the needs of the future. Only in this way can we plan 
a reasonable program for the future. | 

Under each of the three categories of satellite reconnaissance-- 
Photo, ELINT & Weather--we have stated the present capabilities, 
discussed the future requirements. and capabilities of mecting these 
requirements, and finally discussed the impact of our needs and 
capabilities on the future National Reconnaissance Program. 

No attempt has been made herein to completely justify or prove 


the requirements, to weight the relative importance of these various 


requirements or to assign priorities to them. This would have real 


significance only as it applies to a specific means of meeting the 
requirement and the difficulty, cost and timing of their accomplish- 


ment. 
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of film to the exploiters is 27-86 days (20-14-7375). 
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ci STAELLITE PHOTOGRAPHIC RECONNAISSANCE 
eee | | | 

<7... LL PRESENT CAPABILITIES 

ie Our photographic satellite program covers the highest priority 


i “+ and has furnished the most useful and impressive results. There 


7 . are four active photographic projects, one presently inactive project 


and a group of research and study projects, as follows: 
‘CORONA-MURAL - The CORONA-MURAL system is an 


operational system using the THCR-AGENA booster combination, 
It consists of two 24" focal length panoramic cameras using 70 mm 


film, These cameras can obtain about 4.5 million square miles of 
stereo coverage per mission. (?) Fourteen of 19 flights have 


returned material for exploitation with ground resolutions of up 
_ to about ten feet and an average ground resolution of between 10 and | 


20 feet. Fifteen missions are scheduled in the next twelve months, 


_ The present time required from — for a mission to delivery 


Alsat 2 


An improved version of the CORONA system called the CORONA-J Sore 


will almost double the film recovery capability of the system. A 
. second recovery bucket has been added to the CORONA MURAL 


camera package so as to permit a total of 7-9 days of camera opera- 
tion instead — -— and thereby — the coverage = hn oo pen - 
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| | ‘(from : 4,5). This improvement also permits the vehicle to go into 
ce ue Te 
Cae an inactive, unstabilized mode for over 20 days between the time 
Pe . that the first and second recoveries take place, The first: of the 


CORONA-J vehicles is scheduled to fly in early June 1983. This J 
configuration has been made possible by the improvement of the 


_ THOR booster to the Thrust Assisted THOR.TAT version. Three 
solid rockets are fastened to the sides of the THOR giving about 
. 650 additional pounds on orbit. The TAT was successfully eperee 


of : 
on Pa fs April 1983. 


Improvements to the camera are underway to reduce sensitivity 
to temperature | changes. This change will be effective in 


' and should result in an improvement in the average resolution of the 
_ film of several feet. 
Action is being taken to reduce the time required to prepare and . 


3 | , | Y 
launch a mission. A standby capability es .: less will be 
| 7, 


attained to permit the rapid replacement of an unsuccessful launch 


or to permit quick reaction to emergency situations. 


LANYARD - The LANYARD system is expected to give a ground 


resolution of up to about five feet at 2S contrast. It is boosted by a 
Thrust Assisted THOR "AGENA combination and will orbit at between 
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-. E-8. The E-6 camera was the payload instrument for the 722 System 
_ which was terminated last year. The system was based on two 36" 
focal length panoramic cameras. The design specification of the system 


was 84 lines/millimeter, which would result in 10 feet resolution at 
_° 128 nautical miles. The termination followed five unsuccessful flight __ 


_. tests, the last two being failures of the recovery vehicle which was a 


a kof. Corsr® iG uf HJ6..”. - : 
me new design. Roimasy reasons for the termimtion were a statement by 


» . . "" NPIC.last summer that the CORONA MURAL photography was all that was 
” | needed (which has since been changed), couphetrwith budgetary considera- 


. « . 
. ’ . . 
* « . . * ’ « 
- R ° 
* . s . A , 
ons. ae “ 
* . > ry ° 
‘ . 
« 
ball e 
e “ . = 
. id my 
» e . 
1% * 
+" pe ‘i _ oT 5 2 e *. 
2 . . . . 
‘=e 
a 
“2 r : a . . 





% 
. 
. 
. * at 
* 
. 
* “, 
. 
e 
e 
@. 
' 
e 8 » 
. 
. 
° 
cd 
ee "ea 
* « ° 
° 
s 
Ln J at ott * 
© fe, be 
- 
° 
-° @e 5 
. 
% .* 
ge oF 
« ee 
weet é 
0: % eee 
+ 
i ee 
cf + 
o8R eee 
> ome 6 & 





eet F 
eee an 


pel Se eee ee ee ee @e e 


a cede 
? 
a 


7° t 2. 


bs a: “f* 
- +3" sa ‘. « 





‘The later 5-6 cameras, of which there are four dual systems 


on hand, exhibited performance much better than that specified in 


the contract. These 160 line /millimeter systems would provide 6.8 
foot resolution from 100 nautical miles, 

Recently DNRO convened an Ad Hoc Committee representing the 
NRO Staff, the Directors, Programs A and B, and NPIC, to review and 


| make recommendations for the system to succeed CORONA MURAL 


in the search role. This committee recommended that the E-3 camera 


be used to satisfy this requirement since further improvement to — 


120 lines/millimeter or better is possible and will provice 5.6 foot 


resolution a available earlier than any other possible system, 
In addition the ATLAS AGENA booster combination permits considerably 
more film to be carried and gives a decided cost effectiveness to the 
E-6 system advantage. ss = Tt ememmecem ames 
A small effort has been maintained on this hardware and the four 
systems on hand could be flown beginning in September or Cctober of | 


this year with the current 162 recovery system. About February of 


next year, a larger recovery vehicle, which would be a scale up of the 


present vehicle, would be available as would he improved camera. 





from this photography alone is 750 feet and-contouz-accuzacy- 45-1500 





3 





- Itis anticipated that by Mid 1884, this system could pick up the search 
mission in its entirety’ after a thorough flight test program, Each 
mupiaiaie vehicle would obtain 2, 300, 000 square nautical miles in each 


| of two missions ( to be run as two 5-day missions a week apart) for 
me essentially 200% coverage of the Sino-Soviet Bloc per launch, 


_ ARGON. ARGON is an operational photographic system for _ 


geodetic and mapping purposes using the THOR AGENA booster. It 
consists of a 3" focal length frame type terrain camera of high 
| geometric fidelity supplemented by 3" focal length stellar camera. 


its) Siac € 


| The terrain camera capability is 6, 0CO photographs (235 x 23, 5 nm format) 
' covering 166 million Square miles ina four-cay mission. Stereo is 


provided by overlap in the photographs. Positional accuracy obtainable 
Pe R eT IesF 2 PONS Boo 5 ‘ ca ONS cues 


| fect, Combining ARGON photography with CORONA photography permits 
an improvement of positional accuracy to SO Fr —— seed 
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Wantsee es 1. Very High Resolution. We néed to be able to resolve details on 





size. 


ee ‘the ground that are less 


we 


ee . fo provide a technical intelligesce cevebility, a camera systen 


a a 


' Verdous studies conducted in the last few years disagree as to the exact 


a", 
é 


"e * f f° 


ee : . requérenent for a vechnical invelligence capability, but they brave gererally 
Sagan conceded that a ground. resolution, as steted above, is required. 

: 7 Our present CORONA MURAL capability or 10 foot resolution is 

: | “Anadoguate » and even tke 5 ‘Loot resolution aides of LARYARD and the 


Waen realized, will 





Pee, " ' got adequately satisfy the technical intelligence requirements. I: 


order to accurately determine the capabilities of the Soviet weapons end 






“4 7 otner systems, we need the Lighest resolution that we can possibly ach? ve. 
ne } 7 | RY 
: As the Russian learns of our satellite photographic capabilities 
| he can be expected to inerease his efforts to camouflage and hide his 
important facilities and equipments. Ee will also attempt to confuse us 
by the use of decoys and dumies. Only by very high resolution photograziy i 
i reduce the effect of euch efforts. | _ 
| Suis gaavienns 4a: Cabana clearly demonstrated thet the 2-5 us 
. foot resolution as obtained from the U-2 photography is inadequate to ae 
: “tel us all ve need to Imov about cértain eriticdl areas. In Cuba we ae 
" ° were. forced to resort to low level photography to get the detail that | ek 
was needed. This same type of capability is required from over the es 
So Soviet Uaion where Low level aircraft missions are impossible. This 7 . 
ee Ww very high resolution photogrephy does not have to be able to cover great EaeR a 








expanses of the Soviet Union. Coverage of 5-10 miles square would 


4 ' . @ppear to be adequate provided we cen accurately point at previously 


avers 

Lal at ors r 

. e,* 
é 


ns . identified target areas. 4 





ne Cac of the problecs associated with very high resolution 
sa cezera systexzs is the problem of pointing the camera at a specific target. ; 
$e! , * = x8 . 
- The casera system necessarily has a long — length and with the avail. 
i" gble fim widths the resultant coverage is very szall. For example, 
:* oS 
ee . nw eet rT THERA GABP ITOAEON LED FAT eo od . Tie me oo pMe ae Ne no 
ceccsweatethtsrrcrarcer--. ...., ILM Myf iif iff 
BPA ae wen en wn A meee wm a Cae tee ht THh hE SASEEMME MEF An - PORE ELLE, 
LM OMELEEL EA Oa EI EID diem = 2 
, pth a wae tT At bMEEDg AMER hop oa 8 EPPPTPEMAITSOLLSODOOPSESSPELAESTEDNMASD SA, ; 
YY 
are 
Another area requiring continual Aewlonuast is the area of 
controlling vehicle dynamics. The atti vuge (pitch, roll and yew) must 
be mainteined to very steingent eS in order to 
insure ener fron oe focal eeees sage In amet. ettituée = 






ytem with a long focal  - ee 
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oo Attitude rates in excess of 10 to 20 degrees per hour will cause 


: image smear end will significantly degrade the quality of the photograph. 
To waintain these extremely small attitude rates, new vechniques mst 
be developed to sense the horizontal plane of the vehicle in inertial 
space and then to rairtain the vehicle's attitude to this establiskea 


‘yeference systen within very small limits and — very small rates. 


It is uacneeery to canner for tne irage =otion ee the Pilz 


7 aus caused by the forward velocity of the vehicle end to e =uch lesser 


extent by Corollis Acceleration. With the present Mural system, com- 


pensation rates within 104 of the required values apparently are su%fictent +o 


prevent signiticant = motion, but with long focal length systexs 
suitable for a technical intelligence, image motion compensation =ust be 

more accurate probably better then 1/2 of 1%. ‘There ere several metheds 
available to determine ean image motion. and then to a acs for it, 


' but development will be necessary to make these systens surficiently | 


MECOECLES: y¥ Reg 3 ‘af 


accurate to aliow photography of sufficient quality for technical 


intelligence - Passive technology includes pre -prograrming of velocity 
and vehicle altitude ‘paraxeters so that IC can be accomplished during i 
@ protogravhic pass &8 a Aonmeton of system tize. Active methods would | = ; 
include real time velocity and altitute determinations by radar ranging  s 
or motion sensing technology includes Doppler techniques, etc. has : 
| Another area requiring extensive developnent is the area of es 
“lens design. ue of the associatedprotiens 1s the fact that long focal oe 
, length syutece require very, large. and therefore very heavy glass , ,; ert 


components which are perneeety to insure satisfactory Lignt gathering. 
There are also problens in designing aivfsaction limited lens gystems,. _ Oe cs 
aligning optics within the lens system, ana in building ‘collimators of | Ree te Moe 
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| sufficient focal length and precision to calibrate and adjust Cees | 
aa optical systems. Further study is also necdeé in the devyeloprent 

of catadioptric (coxbinetion reflector end refractor optics) necessary 
ee to Socce=neate long focal lergth systems within tke physically limited 
— of a satellite vehicle. : ychorsine 

Atzospheriic Limitations will become a ica as resolution 
| _—— end will ay preclude ground resolution of better than 
= one foot. There are many recent stucies precicting what this atcosrseric 
Linitation will be, but insufficient data is available to predict precisely 
the ulticete capability. achieycan.c¢ Sa 

The U-2 cemera systen ocerating at 70,000 feet altituce > 
‘provided photography with ground resolutions uo to 1 to 2 eet which 
‘might well be approaching the atmospheric lirits froz ‘high altitude. AD dia aie 
‘Dhis atreratt photography ‘fron an altitude of 70,000 feet is above the 


. ' major portion of the atmosphere where most of the attezuation of visible 
radiation Gace. the problems created by the atmosphere, including 
scintillation, shimmer, absorption, and scatter require further study. 

Seudtes-ane-being-coniuected-on-this-problem-but~additional 
sdy—sertainty-witi~pe-requized. . 

Tt is apparent that as new camera systens approach ‘the 
atmospheric and other Limitations, » their system size and costs will 
inerease expontentially. It now appears por to attain in the 
1965 -1966 tize period practical satellite photo system having resolutions 





Buch a systen in its. simplest oo — be possible using e 





| PAT-AGEITA Booster system, i itbut, “to obtain stereo e 
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overage and assure the 


a %& 





= - e _ 
a. oo aes 
e ue . : *€. 
rahe P 7° v, “* 2 .* 
ee, 


eee 









: s. This systex could probably be available by early 1965. _ 
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Ee > = ~ -Developnent of four camera systers would cost : a 
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Studies are being accomplished in optics pointing, IXC and 
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| This system would weiga ebout 6000 lbs. cr rere end would 
probably require a TITAN IT booster system. It could not be ready for 


operation prior to 1966. 
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| Bigh Resolution Seacch.. A need exists for a broad coverage 


* search photo reconnaissance system cepable of resolving objects on the 


Leas. . sean 


Our Cuban operacinns clearly cexonstraved our irability to 


"locate or targets such as the EA-2 sites. Tere are several instances 


where Soviet radars were located wits COREA URAL photography orly atter 


their esproxizate locations was determined by other means. Tne 6-7 foct 


| ‘ resolution capability of the oeasently proposed E-6 or M-2 search systems 


will certainly be a big improverent in this regard, but even this will 


not meet all our needs. Witn caxouflage, hiding aznd other means of 


deception the Soviet can prevent us from locating new targets unless 
we can €o better than 6-7 feet. Up to some poixt, probably about 2-3 
feet of resolution, ths intelligence gained froz photography will be 
easined proportional to the resolution obtained. 

In addition, we | have to consicer the fact that tre average 


resolution obtained from a photo system is quite a bit poorer than the 


optimum. CORONA-4URAL photography enebles interpreters to detect 10 fcot 


objects ‘only 15% of the time, 30 foot objects 50% of the time, and 100 foot 
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S point on the curve, CORONA jphc 


objects, 00% of the. tise. The unenswered gestion, that is critical to 
future requirements and developments , isa determination of the various 
factors that cause this wide spread. if ve primnery factors are 
naturel, e.g. atmospheric perturbations or {ijumination, there is likely 
‘to be a wide resolution spread in. all satellite ‘photography. if - 
camara oz the venice are priery Pastas: then other designs may 
provide much nore consistent results. 

Unfortunately, at —— ‘time we essextially have only one 
. The U-2. neterial was aot 
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obtained concurrently with tse CORONA caterial, and while the conclusioz 


, cen readily be drawn that there is more intelligence in better resolution, 
.,. 00 Valid quentitative conclusions can be made. A better understanding 


ef both the requirezerts and the physical limitations to satisfaction | ae 


of thsse requirements will be obtained tais spring anc sumer fro= the 


LANYARD GZ Mt the present time, however ; it would appear 





desirable to be able to ae U-2 quality search Cie aie 2reon a 


satellite. 


The inherent characteristics of cameras wherein erea covered 
decreases as resolution increases and the problem cf orbiting, recovering 


processing and interpreting vast quantities of film make a high resolution 


search capebility difficult and costly to attain and surely places a 


practical linit or sucs a systen. This practical limit would appear 





at this time to be samewhere in the vicinity of eet of resolution. 
The improved E-6 system can provide 6 foot photogrephy ani 


cover the area of interest twice in one launch (25 million square miles 


. per missica). It will do this in an economical (reletive 40 current costs) 


manner using an ATLAS AGEXA launch vebtcle.. This system could be flown 





srer..*: 
. 
ee 


by Octoter 1963. 
The LANYARD systen presently under test will have a linitei 
search capability of about one million square miles (40-50 nm swath width) ae 


with a five foot resolution using the TaAT-AGENA booster. Using an ATEAS aks 

AGENA booster coubination the coverage and effictency could be increased, ee ge 

but even with two cameras tke swath width would be amall. (100 nm mono se 
and 50 am stereo). | | 

7 Voving up the better resclution scale and. considering a system 8 

neh ids, 
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"greatly. A dual installation would require a pices booster such as 





eee : would ect to linit the sveth wid th to acxething less than that of the 
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foot resolution search system, 150-180 nm swath width and at least 10 


million square miles of coverage permission treat cculd be boosted by 


the. ATLAS/AGEWA, that to go to 3-4 foot resolution such a system would 
require a TITAN II and to go t{MM toot vot probably require TIUAY IT, 
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7 : 
ae as |, 3. All Weather Canabtlity. «a need exists, particularly in 
oe . exergency — » for a capasility to obtain coverage in spite of 


Es ae Y bed weather over the target. 
| Cicuds, poor visibility and Seramess over the target have 


- severely liziteé our present photo recermaiscance. Even with tke help 


ees 4 ez « ” 


"ef our weather satellite, clowis heve restricted our interpretation of 


ee % of our COROQHA- sonia pkotogrepay. G. rowsine cireumstences poor 
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ar ~g% Ar r -* 2. one in 
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7 weather bas required the tnerease oF coverage and more sisaisaa) In critical 
situations ; nowever » weere tine : is vital, celays could be very costly. 
Pabticulorly in terms of Post Strike Assesexent where weapons are withheld 
until the results of the first attack can be evaluated, we canaot wait 
for good weatner to be able to assigz targets to the 2nd strike. For 

. this purpose we need an all weather syste= with a cet ity of at lecst 
20-50 Poot resolution. 

An all weather capability would ofcourse be a desirable thing 

to have for all. types of satellite reccnnaissance. Ecwever, presse and 

foreseeable technology iizits such a systex to redex techniques and ~rade> 

- , Goes not give pronzise for resolut tions as good as the present CORONA-1JURAL 
system (10-20 feet). Until there is a major break through in the stete 
of the art radar can ivi considered fox very special uses where low 
resolution (20-50 feet) is acceptable. Radar cannot be considered for 
<- dnecelayetee becuse OF small aiee.Comeuen, master panera ane: 
low resolution. It does not look now to be suitable for looking at 

- tadicator targets in criticel international situations. ven OORONA- a : o 
MURAL photography is marginal for such purposes end it has twice more. oS ae | 
the resolution as the 20-50 feet expected from radar end ls to 8 tines the 
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" Bost Strike Assessment. 


target to interpretation of fila. 





4, Quick Reaction. A need exists to be able to react to to emergency 


ae - peqnitrements for satellite reconnaissance in a ratter of minutes. 


During pericds of tension immediately prior to a possible outset 
, OF hastilities the Intelligence Commnity neecs coverage of certain 
targets to assist them in their ettemot to assess the enezy'’s interticn. 
During hostilities there are also strorg needs for quick reaction for 
Im such a situation it could be vital that 


‘photo coverage of certain indicator targets be obtained, recovered, 


processed and ausatanes to the PaVELE Se Eere in as short a tice as 
possible. Onr pecent capability is 25-36 days fron selection of 
This time is being reduced and can 


certainly be eut down drastically, but with present and planned systexzs 


‘tb WIL at dest be a matter of days not bours! 


Our present capability to react to an emergency situation and 
initiete, accorplish, recover, process aré eveluate a rission is based 


on a summation of tire factors. 


Preparation for Launch + _ dg days 

Collection of Photography es ee 

. end Recovery - -. 4 days : Mo , 

Trensportation of Pilm - 1$ days aa 

Processing of Film - 3 days ne 

Trensportation from Processor - & day 2 oy 
to Svaluator | | 2 

“sag Boba "28 days 


fo sigaificantly improve the situation, we mst peace: the 
tine to do all of these steps and to get the time dom to a few hours. 


This will be a very difficult if not ee gob ‘ At best it will 





i. . Be costly. 


Reduction of the tine required to 


Bs pe realized by: 





: 


prepere for Launch can 







- (1) pre plammed programs for emergency mission kept in 
o | readiness | | 
3 (2) axtozatic check out equinzent | 
" ; (3) solid boosters — | | | ) oO 
_ | (4) proéuct improvement of boosters end AGENA | 
: ‘Reduction of tise for tae collection of photogrephy can be 
| ; accomplished by reduction of the nusber of of targets and careful selection 
; of these targets ' readiness location. 
! ‘Ghe time to teke the pictures is cetermined by the number end 
: “s location of the targets required to accomplish the rission. It is 
. qamitea first by the requirexent for daylight over the target area. 
This could cause a delay tron "zo" of over ‘twelve hours dependirg on 
en tee time of "go" and the location of the tar 
It is Lizited by the ine tor the “ to pass over the 
araets required. te ay a few targets ere required and these can be 
selected such that they can all be covered on one orbit and if this sess _ 
special orbit can be eo ime Gas been Suni as aboct-cos | a 
orbit or abovt 14 hours plus —- fron *go" to leunch. If targets | = 7 
cannot be so ‘selected as to be, photographicel: on a single orbit, this sos 
tine can be up to 60 hours plus tine trom "go" +5 lameh. 7 
The time to physicelly recover the target information is Saaad : iw me 
primarily on the tine required for the satellite orbit to reach the oe 
recovery area anf the tine required to transport the filn to the : 7 
= processor. j a a ee j oe 
° _ = rst ese 








bias w 
= | ie | abe time for the satellite to reach tre recovery area, can 
a “eh - vary from one kour to 243 ( ylight, South to North, etc.) depending 
as ee .- On the location of the recovery area ard the orbit of the saveritve: 
a : ° ; For a one or two pass mission fren Vandenberg we can recover in the 
- : : vicinity of our present loceticn. If we have several launch asd 
. . recovery aa this Part 6 or the saa tine could be reduced 
a "S15. ger other ee ee ee 
re | The tine for transportetion of “tn fron the recovery area 
‘to the processor is at present er 14 days for eir recovery (2 days 
ae for water recovery). Tis could be reduced by evens the film removed 
on | ‘.  2rom the capsule in Eewaii insteed of at Sunnyvale ana by special fester 
: | transportation procedures such es having 4 B-47 fly the film direct 
to the aeeuma: | 
| The processing itself would be reduced a bit in an emergency 
| situation because we woul! bave less film to process and there-is some 
= tize shat~coulé be saved it the processing for exergency operation could: 


. be done et the exploiters facility in Wash‘ngton. At best it would © 
'. eppear that by improved and more costly procedures we could reduce the 
reaction time for film recovery to a few days. 
Another possible solution to the quick reaction problen is 
the use of readout wherein the BHO is Ercoeeeee in the satellite, end 


transmitted to the ground by a wide band radio Link. : is 
Readout offers great promise for Post Strike Reconnaissance 

“where the resolution required is low and the data lick band width needed ee 

_ ds small. | | | aS | | 
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"+ geadout statdon. } 

‘saan ow 

the interpreter quickly we must have multiple stations. “Byen this 

; . requires several passes, ard high quality g=cund ccormnieations to 
= . transmit the picture back to the interpretation iaetee. Placing 


re ae oe ee Oe ee Oe ee ee ee es 


to 


readout stetions in the far north close to the Pole can ‘mprove the 
efficiency of the systen, but it is still limited to a very few stereo 
| pairs per day (stations at VAFB, Kew Beston, Kodiak ant FP vos 
give about tea stereo pairs per day) wider bend widtks or cultiple 
bends can imrove the situation but stil do not meke readout a very 
desirable approach, and we still have the preperation for dannch ana 
a note celection Aimee 46 contend with: | 
a ‘ ' , The use of satellites on orbit that couwld photograph the 
| | in@écator texgets on conmand would eliminate the preparation time 
aclaye wot-wish eaves vould isa vcinaraie “oak Ahare woule @etit 
. be the tine delay “required to pess.over the proye> targets. Depending- 
upon. .where-the satellite was located ‘when the need for energency coverage 
_acose,-the time-to-get over ‘the pareete Depending upon where the 


satellite was located wnen tke need for emergency coverage arose, the 


% 












_time to get over the target would vary from one to over 60 heurs. ‘The 


gy 


“th - 3-48 
4 ‘o* 


*s hada! "ee ett 


“yt. maxdtam time to get over any tazget could be reduced by teving several 


i. : os “satellites on orbit properly spaced, but it could stil take kours from 


“ie command to be. able to see the target, and such a system still kas to be 
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 wecovered or read out. | | 
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satellite reconnaissance program now costs over 





: de Increased ErSiciency of Cssraticr. A strong need exists to 
reduce the cost of satellite reconnaissance operations. | 
"Satellite hstoatechy: though cheap in terms of area covered, 
is still very cos sly in texms of the overall operational ehgiverae. | 


The Sine Soviet lang ress covers | equare niles. The 


Intelligence Commmnity has already identified over 309 individual texgets 


for +0 REE ote alone. Regular search of this erea and regular 


coverage of these and other targets added to the recuirexent for improved — 


resolution edd up to a lot of vshicies, bcosters and launches. ‘The 





yer year. This cost will go uo unless the satellite operations become 
sore efficient. I* the cost of this program is to be kept down to 
neusonsbie: level, we rust be suze thet we utilize the best combinetior. 
of booster peyloed and recovery system to obtain taxi=r cost effective- 
ness. The rajor portion of tke cost of the ‘Satellite Sendeigsaeeies 


cit 


| Program gces for operations ‘rather than R&D. This because toe major 


part of the cost of any mitcaion is for procurerent, check out, launch 


_ end tracking and because the developxent cost of ths boosters used 


(THORS, ATLAS and AGENAS) have already been paid. ‘he NSP R&D costs 

are mainly for the development of peyloads and for~orbital and ~tecovery 
vehicles. Because of this’ at may be. oo desireble to consider 
tre develoorent of nr payloads » recovery vertcees and or tke cheuge 
to a more ‘efficient booster al for ingieased operational: efficiency 


even without increased sensor perforzancs. tt requires that we evaluate 


our projects from a cost effectivensss standpoint. Once & given 


paoctogrephic systen is performing as ebaae it becomes a quantity 


pti collection operation where’ cost ‘per. unit. ‘coverage Seccuies important. 
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We cannot — consider ...¢ cost of a nission Sut mst Tela this cost 
.to the quantity of coverege obtained. 
The cost. of photographing a square rile Cecreases as ths | 


capability of tke booster increeses. Jor are? the coset of DORAL 


LJ cl 2 stereo photog-aphy using the THR “AGEL end one recovery vehicle, is : 


A 
= square mile for 7,00C,COO square =tles. The cost, 
. 7 . 
using = Thrust-Assisted TEGR-AGENA and tyo recovery vehicles, will 
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It is, of course, seif evident that coverage or ome yarticuler 
- square ile may be worth far more then coverage of another particular 
“square mile. ad is also evadent that there is no value in additional 
coverage capability meine thet-period. . is ; Be | 
| Phe ‘two missions for one Jaurch concept wanich is soon to be 
expaoyed in MUPALY exd is being stuiies "ws was recomended 


for the i --: us to make a more effective use of 


the capability of the boosters involved. Beyond this it appears provable 








that Sor so=e purpose, the use of several recovery vehicles will usually 
inerease eficiercy of operation. rt is desirebdle to have more than | 
one size of recovery vebicle saa to be able to assure maxim use 

of on orbit a ves espe s and nexium Hectnsltty of operation. 
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A wil pocectabig inerease the cost 





ftect iveness of the syste such that the reentry vehicle seein 
. cost would be paid for in a — —— 
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It is epparent tnet tre rost econonical size of recovery 


" vebiclle to use is one Just capable of holding the film from one =aission. 
at two or nore missions are to be accomplished fron one launch, one 
ee recovery vehicle shouic te carried for each mission. Tais scheze is 


<r best cozpromise fron tke cperaticnal viewpoint Letween recovery 


force activity and custocer éesirts for caily returns. 


Iv recuirements for very much better resolution ssarch are 


7 to be savisfied, the boosters involved will, of necessity, be lerger, 


1.e., TITY I or TITAN Iii, in oréer to eitner boost the larger pay-oad 


into orb’+ or to maintein a ressorabie ecst eftectiveness. Probably 


tae cotizam system from ~ cost errectiveness stancpoint alcne would 


" ‘be one using the 211 boost capacity of TITAN III with a large moter 


of recoverable vehicles on board at Jesach go that a corresporndirg 


number e missions could be scons ienet for each successful launch. 


. Of course, this presupposes a reliability not yet attained in space 


systezs. - 6 
The efficiency of = NRP can elso be increased considerably 


by the realization of interchangeable payloads (vehicle. in front of 


the booster). Tis would provide the greatest operational flexibility 
to meet changing requirerents and would require that fewer boosters 
would kave to be stockpiled. This epproach hes been epolied in part 


to the TSO0R-AGEHVA launckes to date but much =ore antes Seeneee wy. 
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A very vital reed exists to reduce 


drastically the vulnerability ‘of our reconne-ssance satellites to eneny 
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Species Sensors. Trere is 2 need +o develop additional 


to immrove our evaluation casabiiities. 
Normel photograshy, recorcing in tre visible vortion of the 

spectrum, will unécubtedly be continnobsly improved in the future 

witk advences in lenses, fil=s, vibretion jaroiug. stabilizing vekicle 


dynamics, etc. There ase, however, physical Limitations imposec upon 


. 
. - 


this type of pnotcgranhy. These limitetions would include the absorvtion 
and scatter of reiietion by the atmosphere, insufficient lumizetion at 


oe 


night, and the problem of cloud coverage, haze and fog. 
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and night cepability. The present state-of-the-art does not provide 


BRR of su>‘cient resolution to be used for search surveillence and 


significant cevelonrent is required to eecorplish even a Post Strike 


« 
- tae 2 oh 


Assessmert capability from satellite altitudes. The All -weather and 
night capability of radar SBLES this portion of ‘the electromagnetic — 
spectrum most worthy of continuing study. ) ar eee - 











Lignt intexsification teckriques are required to permis night 


_ photography. Other develorzents that would help achieve night photography 


would include » zaster fiins, lerger everature lerses ane lis=t ea RE cation 


bien” hove ae Tee of. J Gd C307. os 
electron-cs. _Developnests such as the + Aeros) tex /fe2 itt! shovla aid de continued. 


A good aircraft capability =aust be e achieved be2cre any setellite éevelocs- 


‘rent cen be programed. 


A capaollity is seeded in =ulti-band or evectral zcnel imace 


forming sensors. Tae photo interpreter et the present time mas availasie 


to him a panchromatic black end white shetcgraph from waich he obtains 


his information. If several vhotosgrantks were aveiiabie. each inssing 


the seme ground area in a dffPferent sortion of the spectrum, more ix?or- 


mation would be available to the proto interpreter. Tew sechnisves in 


collecticn and exploitation cf miti-banc photczreshy would require 


Geveloorent and exploitation equipment and training for the intervreter. 
Taese teck=-ques will probably aid the interpreter in camouflsge detection 
and would increase the in°orzation content of the Shotaceanhes ares. 

Color film is capable of providing increased inforratinn, but 


tas been little used in the past because of problems associated with 


the slow speed of color filn, graininess of the emulsion, high costs 


ead prcecessing delays. Recent experizents in aeriel color protograpay 


atilizins rew films of increased epecd, = fine granulerity beve proven 


scecss2ul in proving ‘the point tnat, with tne same speed and premilarity, 


coler flim provides sore oo ston to the intezpreter <kan the same 
scene recorded on a penckrénatic file. ‘Purther experinents should be 
cona.cted in aircraft and savellites . A Pew nundéred feet oe eater fila 


could be spliced at the -— of inate suppiy spool _— would ey 
very valuable date. | ses ; 








. .9» Improved Fligat Deta. A reed exists to cevelop a method of 


“"" * providing Camera Flight Data that is more eccurate, more complete, and 


in a stendard format suitable for expeditious aac with the 
"photography. 

The photo interpreter in his enalysis reguires sore than 
just e hizh quality photogrask. The ae aa process resuires | 


thet the interpreter have certain quantitative inforzaticn about tke 


size of objects. Yow big is the object - how bight - how fer from 


town and in what direction, etc. These questions can be answered 


-when a way is establisred to deterxine object ccordinates from irage 


_ coordinates. Toe treditional methods of cbteining dizensions, etc., 


from tke unknown objects association with objects of known size, is 


not always possible, is rot as accurate, and is not concucive to error 


‘ enalysis. To obtein object dirensicns from ivase dimensions three tyzes 


of data are needed: 
Spece locetioa (Lat., Long. Alt. ) 
Attitude of camera (pitch, os yew) 
‘Calibrations (IMC, Tize,) ete. 


a eauiceuect for repid and accurate quanti itasive information fron 


“photography hes prompted an increased utilization of anelyticel photo- 


grazcetric spcontaues 2 new associated sats Asticel methods, and increasec 


digital computer capabilities. bia ene consider the word "grapn” in 
photograph. A picture becomes a graphic presentation suitable for 


quantitative analysis when sufficient flight deta is provided with the 


| photograph to insure accurate mensuration. Flight data mst accompany 


all photogrephs, and development is required in inproving the eee 
ef this Gata, stendardizing formats.” etc... 


~ Honia 
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Tre methods most coxzmzonly usec tc devermizc the attitude of 





i a rn a system have included vrotosraphing the porizen, 


Cs oy 
oe ——- steller photography. Developzert shoul 


continue in inertial technicues. 


Mew + Leckniques must be establisced for setermining relevive 


orientation between the vehicie and acta? cexere systems ard between 


individual cameras. ALL lenses =ust be sore carefully calibrated. A 


method mst be developed 20 mrovide accurate data bout the vonysical 


' dimensions of the filx pleten so that useful. fils ae lara ae 


ee ee a 
can made. We ory tal i3e. 4 tog ayy Te eee  ] .- Sut "3h es wwe < hath "fs wa! 
be sCnd RTT abe 6 cela AT ES. ead, ° : 


Finally, development is needed +o determine the best zeta 


of providing ali camera flight data to the P.I. The present vechnicuss 


_ Of elpha-nureric or binary deta blocks might be less esficient than 
’ storing this flight data cn auxilliary mageetic tape or on a "sound 


strip" on the edge of the filn. 


in order to improve the accuracy of the cemera location at the 


instant of exsosure, it will be necessary to cozpute more precise eptsmerides. 


Improvements could be effected by increasing the. nuzber of tracking stations, 
optinizing their iscetion, developing new racer and optical tracking 
teckniques establishing better atmospheric drag codes, aeenine more 

about grevitational harmonics, 2 etc. “It also will be necessary to develop 
methods os providing an error sanivets of all cate. Iatert cial aavigetion 
systems can be used on space vehicles to i=prove teat deteraining 
capabilities. Nev methods of ‘steller-inertial and radio-intertial 


techniques shouldbe investigated. 
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| example, high resolution photography might be processed on board by ; 
the web technique employed in E-2... There would necessarily be aaa a “ 
covered by the photograph that were not of interest. The severe band : : 
: me 


) 10, Requirement for Man in Satellite Reconnaissance. 


Satellite reconnaissance is one of the often cited reasons for man in 


“space. The NRO has concluded thet man has little utility in space 


reconnaissance systems in the roles of mission director, camera 


operator, or major decision director. These functions can best be 


accomplished on or from the ground. There are some areas, however, 


in which a man might perform some useful function. These areas will 


be discussed in this section, but no recommendations will be made as 


to future developments for man in svace directed specifically toward 


satellite reconnaissance. Such recommendations must await a-good- 


‘Gecl more experience in both satellite reconnaissance and manned 


Space flight. 


| It is readily apparent that carrying both man aha Guefal camera 
systems in a long lived veidele will require thrust capabilities no less 
than that of TITAN DL a 
A man might well be of value in early recovery, by readout, of 


photography of critical targets to obtain crisis type indicators. For 
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width limitation could be overcome by having the man select only those 
parts of the photograph which covered targets he had deen told were 


. of interest and transmitting only those Porson of the photograph, It 


should be noted in passing that a beam splitting prism could be employed 


so that two negatives could de exposed at the same time. One of these 


‘could be physically recovered for optimum processing. 


A man might be of assistance in the pointing problem. He could 


: A dor a 
possibly fix on an initial point, much as a bombardier might do, to take 


_ out the uncertainties associated with knowledge of the ephemeris. 


A long-lived system might have a multiplicity of small capsules 


for film recovery. One of the problems associated with this concent 


of early recovery is the threading of film through several capsules 
before it gets to the one in which it will be recovered. A man might — | 
help soive this problem, i | | 

There might be some limited maintenance that could be performed 
on board, and the ae could possibly be of use in overcoming improper 
action of automatic focus or exposure controls. 


' He might also ve vii to determine the weemer conditions over 


"the target area and aaiuat exposuré for optimum Performance in the 
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: Shadows’ when partial cloud cover was p=esent and normal automatic 
: a . exposure devices would be confused ay the light reflected from the 
an a . clouds. He could also determine whether weather required recoverage 


yf - .) oOf certain targets on the same mission. 
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28. babe te) Chasting ers : iarset Material $ Soilection. Tre 4Rcc7 


and the Stellar index (S/I) program represents the current capeb!lity 


zor the collection of tapping, charting end target materials Gate. seach 





inatviduel setellite vrovides throug: {ts ephereris data an izoroved 


set of varamcters for better cefiniticn c? the geoid. me lous line 


¥ poe 2 a : ‘ 
CFB Sine available from the cata reduction of ARGOE provices a most 


. oes 
precise definition of the geoid. Ste S/I whea ccubined with other 


; photog-ephy through en analytical tkcetozetric technique provides dsta 


of a quantity capable of of max-ng provisional DSPs, chares arc provisirg 
targes materials. | | | 

The ARCOM product when cerbined with its automatic deta 
eheaen system is providing mevs with accuracies of 750 Mt. aorizontally 
and 600 f%. contours with respect to.the DOD 60 W3S. The ARCOX proiuct 
when combined with COROHA product end the data reduced through tke 
analytical photozetric tehenique proviéss provisioned meps wisn 


accuracies of 50 ft. horizontally and 300 7%. contours. hnese eccurectes 


ere considered adequate to satisfy today's ballistic missile requirements 


ard rave been stated to be: inacequate for iow level aircrett penetration. 
The $/I product when combined with the COROMA product is provi2ing 
horizontel eccuracies of TH ft ‘. and contour accuracies of &00 ft. with 
respect to DOD 60 WGS and sccuracies-ot 50 ft. horizontel end 300 ft. 
cortcurs for the provisiorel MADS « - 
: ' The DIA has proposed to. SIB (COMDR) an new statenent of the 
requireneat for geodetic end mopping dete. | 
ees Photazetric quanfity photography of the world's lend 
mazs to (1) soa poszttoning of ec a an accuracy of 450 St. (SO% 






assurence) and - - — - . elevation data at ‘the pargst to an absolute 
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‘ accuracy of 450 ft. with relative elevation within a radius of $0 x3 


of the target eccurate to 20 ft. (2) automatic stereo comparison of 


stsnderd topogrephy maps at 1:50,090 scale w ith 30 ft. contours intervals 


with features accurate to 15% ft. vertically ena 85 ft. horizontally 


relative to other features on the seme srect. ’ 
Horizons vad accurecies greater then 416 2t. do not appear 


yeild since the smallest lire on a 2:259,000 scale rap is 416 2%. wide 


The 1:50,000 scale mep does not expear reascneble aad worle wice coverase 


_ oF even <bs Sino Soviet lend mass. It iz possible that the covers ate 


required ecule te provided in the pers pherel areas by aircreft and 
ne a areas 3 by en improves satellite systex. 

Tre current state of the ars will satisfy all of the known 
statezentsof requirexents with the exception of the 1:50,CCO scale 
convour Gata. A new ARGOX tyce systex wilt require or tne order of 
two years for eee use. There. exists ix satellite repping 
cezeres. thas could satisfy tke pa elated of tne sequirererts. 


Toe NRO recom=ends thet the improved S/Z plus pen systen 


provice the data necessary for satisfaction of tke mapping, charting 


| and target materials requirenent. The sroietis requirenent res been 


Cd 


very neerly satisfied by the two ARGON succes ses. in order for the 


S/i psn system to satisfy this requirenent, UsI2 (CoxDR) will heve to 


erecify operation of the system in in all of the areas of interest (cites. 


~—_ 


than Sino Soviet Bloc only). . - 
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WEATHER DTS LLIIa.Ce 
Ie PPsSiIy CAPABILITICS 
> Phe satellite weather recornaissezce program is presently overavionel 


ans nas Lor el=ost a year beea supplyizg weat cher éeta of the Sino Soviet 


cm = we 


” 


dand =2ss for use in sczeculixg the cperation cP? om > photogrenkic sevellites. 
The cate derived kas been zsci-to fecd inte tre overall worle weather 
prognostication and kes been of great use £0 owner users suca as Sac. 
However, the NRO interest in weather cetellites is exd has deen undertaken 
prizerily to satisfy a need of she setellite vhotogrerkic reconnaissonce 
progra=... | 

BLT Weather Satellite. Project $17 is a snail weather setzllits 
thet provices daily cloud cover inforzmaticn of the eres of interest in 
Girect supcort of the forecesting activities which support the satellite 
reconnaissance program. Tne 417 space vehicle weigks 100 pouncs, and 
is spin stebilized in a 400-rile orbit. Tkrouga ere tape recording 
of a video image, vertical cloud cover pictures of about ore-nile resolution 
will be provided to reacout stations at Vandenverg AFB and New Bosvor, %.2. 

Tee first successful. lamch was accomplished 23 August 1962, the = = 
peyload ackteved an excellent orbit with apogee of 453 == and perizes . a 
of 340 nm. All the systems have operated satisfactorily fcr over six | oo 
months. A second vehicle is presently cr orbit but internal difficulties 
heve greatly reduced its useful output. An ecditionsl vehicle was 
launched in April but failed to orbit cue to the failure of the Scout 
Fooster. 

An emergency direct readout ‘station wes set up at Eglin ARB on 


26 Cctoter to support the Cuban operation. A van mounted mobile station 
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is L:leg built thet will permit direct readout from any location to 


" meet.suca emergencies in the future. 


TI. FUTURE REQUIREMENTS AND CAPABILOTIES 


| Phe presext “17 system is capeble o2 meeting the WnO requirezents 


., dn terms of quality. Eowever, the reliekility of the present systen 
" Meaves much to be desired. The Scout Scoster has prover unreLiable 


* (50%) and inexact in orbital placezent. 


T-sre is also a zrecuirezeas figure the users of the weather dota 
have two vehicles oxbitting eat the sare tine on compiexentary oroits. 
Eveluation is presently uncexway to dstermize tre pest way to correct 
tne reliability problez. One vossioility would te to go to a soxm3yaat 
Larger venicle so as to be able to have rescuucancy of raylced components. 


This would require the THOR booster which would in addition correct the 


booster reliadjslity and permit accurate placezent. 


Ultimately it is hoped thet a national weather sateliite or a DOD 
weevker satellite will become a reality and NRO can obtain its required 


weather deta from normal military weather sources. 
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ITI. WAT SECULD BS DOr 
Based on the foregoing requirenents and cepedilities there ere 
| certein actions that srould de taken now 12? our =Xr is to pregress 
= | 7 with the tecknolory end if tt is to meet the needs of the users. 


Paotosrephic Payloacs 


s Z, ; . 
ee 


replacezent for the CORCIA LIER. It will nave bevter resolution ard 


_greater coverese with 4 sore fevoresle cost effectiveness. 


2. Initiate the long les time parts of the Itek M-2 camera 


etn oo tack @ for lI cxsoce wes 
Yi Py 


- demonstretes its capabilities. 
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k, Continue the VALLEY limitec exploratory high resolution cazera 
Cevelopzent at ebout their present level of effort. 
5. Tits fall after some LAZYARD ane TE notog-eaty bas been 
obtained ant eveluated, initiate studies +o éefine more clearly wnat 
is needed and wnat is careble regarding hizh resolutio= search. 
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L. Tse boosters presently avaiichle, THOR, ATLAS and TITAN It, 


epvear adequate for ovr present p 
eatin «ta 
wuathie ond 


PB wae mes oteoa: 


sea with three possible exceptions: 
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High resolution searca - 2-2 feet 
Man in space peccrnadsaunce - does ‘not in itsel= justity 


to T1TAN iit 
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VAM hey 
no acticn acpears justifie a recserding T iM Mee G un 


have hei more study. 


2. initiate a prograx to reduce and simnlity + bhe syste= preperavicn 


for launch tine - particularly the tize resuired for program sreparetion. 


tabilizetion ard Guiéence. 
1. Initiate a development prograz for a long life or orbit 
stabil zation systec utilizing the stabilite princisle for the SIGI™ 
payloass. | | 
2. Continue to improve the stabilizetion canabilities of the AGETA 


‘vehicle to assure their compatibility with the very high resolution 


ca=eras. 


_ 3. Ccntinue the development of the UAC Space Navigetor for use 
with very high resolution pointizg optics, mazeuvering systems end with 
lifting ree: etry dend eae systems. 


Reentry Vehicles 


1. Siate developzent of the lerger NARK VIII recovery vehicle a 


. to sneregese efficiency of operetion. 


2. Zveluate tke need. for and. optimum ‘size ‘tor a small recovery 







' yekicle for quics resura of <sne first one or two orbits! "take" in an 
| energency systen. ) 
2. Reactivete the program for Se cmerere or a Jand. paca . an. 
a LES 6 OTL apt eee <2" See 
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a cf relatively szal= (200-1000 Ios.) capsutes. 
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a a Tae requirement for man in space to support tie recenrsisseme | ; 





+. 7 * program is limited anc goes sot justify furtter action until more is : 
4 a léerned about =2n's capabilities end support vesuiremerts in space ani 


until we see and learn sore about tne sapablilities ani limivations of 
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a. 6 Request USIB to initiste e stucy into tke detaileé recuiremerits 


of ixcicator targets. 
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